The SLAC real-space renormalization group method is used to study one-dimensional antiferromagnetic chains at zero temperature. Calculations using three-site blocks (for the
Hzz; c C-1) 
To diagonalize Hin, it suffices to consider a single block:
where E=Y -1. The fact that b,+O in this case is not sufficient to give a massless theory because y, -t 00. The mass gap for any y> 1 is in fact given by bm yco, which is the gap at the stable Ising fixed point. This quantity is shown to be nonzero in the discussion of end-to-end order given below.
The picture that emerges from this analysis is that for 0 my< 1 the system is driven to the massless isotropic XY form, while for y > 1 it is driven to the massive Ising form. Since b,+O in all cases, the end-to-end order may be computed as: The greatest error in the energy density is the 12% error at a= 0, and the general shape of the curve is correct. According to Eq. (2.19b) the curve in Figure 2 behaves as a 1.6 for a near zero, whereas in fact both the gaplo and the orderI are known to vanish exponentially as a + O+. 
Anticipating that tensor operators will be useful in the description of the integer spin block states, I write the operators appearing here in terms of raising and lowering operators:
where S 0 5 Sz and S+lE r (l/a) (Sx+ iSy).
The block Hamiltonian is introduced by Thus, for example, z(k,2)*z(k+l,l) may be replaced by the scalar
It is also possible to record the diagonalization of Hllock in the form:
since Q 2 = 2 in the spin-l subspace and Q2= 0 in the spin-0 subspace.
Using (3.8) and (3.10), the effective Hamiltonian after the first blocking may be written: -2o-The Hamiltonian (3.11) has the decomposition as Hin+Hout:
and use of (3.13e,f) and (3.14) leads to a new, approximate, effective
Hamiltonian of the same form as (3.11).
In fact, the general RG equations are readily seen to be: it is natural to ask whether the model (3.15a) possesses some symmetry at the Heisenberg point which is not preserved by the RG transformation.
I now show that such a symmetry can be defined as invariance under a duality transformation.
To define the duality transformation it is convenient to rewrite the Hamiltonian (3.15a) in the generic form:
The change in notation is necessary because the duality transformation will not preserve the form of the nearest-neighbor couplings in the Hamiltonian (3.15a) except for special values of the parameters.
The first step is to use Eqs. (3.9) and (3.10) to write a spin-% Hamiltonian equivalent to (3.16 ). This is the same trick used to solve exactly the fixed point Hamiltonian.
It yields a spin-& Hamiltonian which, if blocked using two-site blocks, would reproduce (3.16). The spin-% Hamiltonian is: Several remarks should be made regarding the problem with this calculation and its resolution as discussed above.
(1) Although the RG equations, naively applied, lead to the wrong fixed point, a glance at the trajectories of Figure 4 
